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638a Wednesday, March 9, 2011a matter of debate if the translocation route taken by
colicin N is through the OmpF internal pore or via
the external protein-lipid interface. Recent electron
microscopy data from our laboratory suggests the lat-
ter route for translocation [2]. In order to re-address
this question we undertook small-angle neutron scat-
tering experiments. By using a combination of deuter-
ated OmpF and hydrogenated colicin N we were able
to define the three dimensional structure of the colicin
N-OmpF complex. This revealed that colicin N in-
serts into clefts on the outside of the OmpF trimer,
supporting the case for translocation via the protein-
lipid interface.
1. el Kouhen, R., et al., Eur J Biochem, 1993. 214(3)
2. Baboolal, T.G., et al., Structure, 2008. 16(3)
Fig1. The ab initio SANSmodel of OmpF (light grey) and colicin N (dark grey)
complex.
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Analysis of Glycoprotein Interactions with Multichannel Membranes
Luis A. Palacio, Pat DeMoss, Horia I. Petrache.
We investigate the interaction of glycoproteins (including ovalbumin and al-
pha 1 antitrypsin) with lipid membranes by using a number of physical
methods including light spectroscopy and ion current measurements. Glyco-
proteins are a class of proteins that are decorated with sugar (glycan) chains.
Most known glycoproteins have been shown to play a role in intercellular in-
teractions but the exact role of the glycan chains is still under investigation.
The ion-current measurements involve the channel forming peptide gramici-
din A (gA) which is used as a reporter. Alteration of gA activity indicates
an interaction of the added glycoprotein with the membrane. For the analysis
of such events, single channel recordings are preferable because the calcula-
tion of channel on and off times is straightforward. Obtaining single channel
events however depends critically not only on the amount of gA present in the
sample but also on the amount of the added glycoprotein. Therefore, the ma-
jority of the recordings exhibit multichannel events. We show how the multi-
channel events can be used (rather than discared) to calculate single channel
parameters. This analysis allows us to characterize the interaction of glycopro-
teins with lipid bilayers which can help elucidate the role of glycosylation in
cell signaling.
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Do Sphingolipids Control Viral Membrane Protein Activity?
John M. Sanderson, James A. Freeth, Helen K. McPhee, Harriette E. Foster.
The membrane-behaviour of the matrix (M) protein from respiratory syncytical
virus, a prototypical enveloped virus, has been characterised by surface tech-
niques (tensiometry, Brewster angle microscopy and atomic force microscopy)
and experiments using lipid bilayers
(FRET, light microscopy). Experiments
have been conducted using both model
lipid mixtures and reconstituted natural
membranes.
The protein is able to penetrate lipid
monolayers and bilayers composed of
phosphocholine/cholesterol or phospho-
choline/phosphoethanolamine, inserting
between lipid molecules. In contrast, in
the presence of sphingomyelin, the protein
exhibits a different behaviour, with a sim-
ple partitioning (i.e. penetration) at low
concentrations, replaced by peripheral as-
sociation at higher protein concentrations.
A picture emerges of specific interactions
between the protein and sphingomyelin
influencing membrane behaviout. These
findings are discussed in respect of the structure of the protein (PNAS, 2009,
106, 4441-4446), the formation of viral filaments during key stages of the in-
fection cycle and the isolation of the protein from detergent-resistant membrane
fractions.
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On the Treatment of Dynamics During Combined 2H GALA and 15N/1H
PISEMA Analysis of Transmembrane Peptide Tilt using Solid-State
NMR Data
Vitaly V. Vostrikov, Christopher V. Grant, Stanley J. Opella,
Roger E. Koeppe II.Knowledge of transmembrane alpha-helix dynamics is important for interpre-
tation of solid-state NMR observables. While precession of tilted peptides
about the bilayer normal is commonly observed, additional dynamic features,
such as anisotropic contributions from distributions of helix tilt or helix rota-
tion, have the potential to influence the analysis. Previously, we compared in-
dependent analysis of 2H-alanine (‘‘GALA’’) and 15N/1H-backbone data sets
(‘‘PISEMA’’) as constraints for determining helix tilt. Here we report combined
analysis of 2H quadrupolar splittings together with 15N/1H dipolar couplings,
using two methods to treat the dynamics, for the systematic evaluation of
several membrane-spanning peptides based on the GWALP sequence (ace-
tyl-GGALW(LA)6LWLAGA-amide), which tilt by 2
-30 in lipid bilayer
membranes.
By comparing individual and combined analyses of specifically 2H or 15N
labeled peptides incorporated in mechanically or magnetically aligned lipid
bilayers of differing thickness, we investigated the influence of data set size/
identity, and of explicitly modeled dynamics, on the average apparent orienta-
tions of the peptides. We conclude that the peptides with small (less than ~10)
apparent tilt values can be fitted by extensive collections of solutions, which
can be narrowed by incorporating additional 15N as well as 2H restraints. Con-
versely, peptides that exhibit larger tilt angles have a narrower range of distri-
butions of tilt and rotation that are consistent with the experimental data. The
resulting smaller range can then be fitted using smaller sets of experimental
constraints, or even with 2H or 15N data alone. Importantly, for the peptides
that tilt significantly more than 10 from the bilayer normal, the contribution
from rigid body dynamics can be approximated by a simple scaling factor (prin-
cipal order parameter), and the concomitant apparent peptide orientation re-
mains reasonably accurate.
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Characterization of Chain Order of an Acylated-Lactoferricin Peptide
by Solid-State NMR Spectroscopy and All-Atom Molecular Dynamics
Simulations
Denise V. Greathouse, Tod D. Romo, Alan Grossfield.
The hexapeptide, LfB6 (RRWQWR-NH2), derived from a cationic antimicro-
bial 25-residue fragment of bovine lactoferrin, retains broad spectrum activity.
The two tryptophans and three arginines are thought to promote membrane in-
teraction. Attachment of a short fatty acid to the N-terminus (C6-LfB6) further
enhances membrane binding (Greathouse, et al. 2008. J. Pept. Sci. 14:1103).
The mechanism by which antimicrobial peptides interact with bacterial cell
membranes is proposed to depend on lipid composition. Mammalian mem-
branes are comprised primarily of neutral lipids, whereas bacterial membranes
contain a significant fraction of negatively charged lipids. We have shown us-
ing all-atom molecular dynamics simulations that association of C6-LfB6 with
negatively charged membranes (3:1 POPE:POPG) begins with the arginines,
followed by the tryptophans, with the C6 ‘tails’ inserting last into the mem-
brane (Grossfield, et al. 2010. Biophys J. 98:92a). By contrast, the association
with a zwitterionic membrane (POPC) is led by the C6 tail, followed by the
tryptophans and arginines. Solid-state 2H NMR experimental results confirmed
that the lipid order parameters are not significantly changed when C6-LfB6 is
bound to negatively-charged membranes, while a slight decrease in order is
observed with zwitterionic membranes. We now present the order parameters
for a deuterated 6-carbon acyl chain (C6-d11) attached to either LfB6 or a sin-
gle glycine control. Solid-state 2H NMR results shown an increase in acyl
chain order for C6-LfB6 in POPE:POPG compared to POPC, whereas the
chain order for C6-Gly is the same in POPE:POPG and POPC. Additionally,
the quadrupolar splittings of individual methylene deuterons are resolved at
acyl chain carbons 2-4 in C6-LfB but not in C6-Gly, suggesting restricted mo-
tion for the membrane-embedded acyl-peptide. Results from all-atom molec-
ular dynamics simulations will be compared with experimental data from
solid-state NMR.
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How Transmembrane Model Peptides Affect Lipid Head Group Orienta-
tion: An Application of 14N NMR
Jacques P.F. Doux, Benjamin A. Hall, J. Antoinette Killian.
Studying interactions in lipid bilayers is not an easy task. It usually requires
complex labeling strategies to answer specific questions, but sometimes such
labels dramatically affect the subtle balance of interactions involved, especially
at the membrane interface. One of the facile routes to study lipids in model
membranes has been proposed to be 14N NMR.
In this study we used fully hydrated lipid vesicles of phosphatidylcholine,
mixed with positively charged (DMTAP) and negatively charged (DMPG) am-
phiphiles, to monitor the effect of surface charge on the orientation of the
phosphatidylcholine head group with 14N wide line NMR. The results showed
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We then applied this method to probe the effect, on lipid head groups, of trans-
membrane model peptides consisting of a poly-(leucine-alanine) stretch
flanked with either tryptophans (WALP) or lysines (KALP) and we could ob-
serve changes in orientation of the choline group, which were sensitive to
peptide/lipid ratio and peptide length. For KALP peptides the results also
indicated lipid demixing in the presence of DMPG in the bilayer, which was
supported by molecular dynamics simulations. Since many natural membranes
contain around 20 % of negatively charged lipids, these results might help
to understand lipid interactions of membrane proteins in their native
environment.
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Role of N-Myristoylation of Camp-Dependent Protein Kinase a in Recog-
nition and Phosphorylation of Membrane-Bound Substrates
Ece C. Gaffarogullari, Emily E. Metcalfe, Larry R. Masterson,
Nate Traaseth, Dan Mullen, Musa M. Musa, Erica Balatri, Mark Distefano,
Gianluigi Veglia.
The catalytic subunit of cAMP-dependent protein kinase A (PKA-C), controls
the activation and deactivation of over 100 unique cytosolic and membrane
bound substrates. Nearly all the PKA-C in mammals is subjected to myristoy-
lation and myristoylation can be dependent on cell/tissue type. Although the
function of myristoylation is not known, it has been hypothesized to mediate
PKA-C/membrane and PKA-C/membrane protein interactions. Here, we de-
veloped an in vitro myristoylation method to obtain homogeneously myristoy-
lated PKA-C (myrPKA-C) in quantities suitable for NMR studies. Using NMR
spectroscopy, the interactions of membrane mimicking isotropic bicelles
(DMPC/DHPC) with 15N-labeled myrPKA-C or 15N-labeled non-
myristoylated PKA-C was monitored by [1H-15N]-TROSY-HSQC spectros-
copy. Significant chemical shift perturbations were detected for the N-terminus
and the myristate pocket of myrPKA-C, while both perturbations and line
broadening was detected in remote regions far away from the myristoyl bind-
ing pocket. Such changes were not observed for the non-myristoylated form,
suggesting that myristoylation drives the enzyme towards the membrane and
may act allosterically on the enzyme. Membrane localization was further sup-
ported by intrinsic tryptophan fluorescence measurements which showed dras-
tically different patterns between myrPKA-C and PKA-C. Finally, the
insertion of the myristate group into lipid membranes was confirmed using
2H solid-state NMR spectroscopy on myrPKA-C with a deuterated myristoyl
group. We propose that the myristoyl group of myrPKA-C steers the enzyme
towards the membrane, even in the absence of its regulatory subunit or A-ki-
nase anchoring proteins (AKAPs). These results provide an additional mecha-
nism for PKA localization and recognition of membrane bound substrates.
Preliminary data on PKA recognition of the integral membrane protein, phos-
pholamban, are also presented.
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Domain-Formation in Quaternary Lipid Mixtures
Markus Schwiering, Antje Brack, Heinz Decker, Nadja Hellmann.
In the study of pore formation by bacterial toxins, artificial membranes such
as liposomes with complex mixtures are employed. In order to understand the
role of lipid-headgroup clustering and domain formation for the interaction of
alpha-toxin from S.aureus with lipid membranes it is necessary to use mix-
tures which are not generally employed in these studies namely those includ-
ing PE and/or PS (instead of PC) additionally to SM and Chol. First AFM
experiments with liposomes containing PE and PS instead of PC as the
‘‘low melting component’’ indicate that here also domains exist. Thus, the pu-
tative co-localization of alpha-toxin with SM-containing domains can be in-
vestigated with these mixtures employing AFM and fluorescence
microscopy. Since the binding efficiency of alpha-toxin depends both on
the absolute concentration and relative amount of the target lipid SM, we
also employed thin-layer chromatography (TLC) in order to check whether
the lipid composition in the final liposomes correspond to the original mixture
in chloroform and simultaneously to detect lipid degradation. We established
a protocol to determine the composition of extruded large unilamellar vesicles
(LUVS) and giant unilamellar vesicles (GUVs) made by electroformation. In
most cases our results show that the deviation from the original mixture is not
significant for both types of vesicles. However, currently there are some indi-
cations that the final lipid composition and the occurrence of lipid defects de-
pends on the mode of preparation. Thus in cases where the relative amount of
lipids in a bilayer is of importance, it might be worth to verify the
composition.
This work was supported by DFG (N.H., SFB490)3460-Pos Board B565
Unraveling N-BAR Domain Initiated Membrane Remodeling
Edward R. Lyman, Haosheng Cui, Gregory A. Voth.
‘‘Reticular’’ or network-like membrane structures are characteristic of the
Golgi and the T-tubule network of skeletal and cardiac muscle, and in the lat-
ter case are known in fruit flies to require amphiphysin-2, a member of the N-
BAR domain superfamily. Reticular membrane structures have also been ob-
served in in vitro tubulation assays with endophilin, another N-BAR domain
superfamily member. Electron micrographs hint at a protein coat, but the
samples do not admit high resolution reconstructions. In other cases, it is
thought that the protein coat is not required once the network is formed. In
previous work we demonstrated that a particle based discretization of a con-
tinuum field theory can capture such reticular structures and connect their
morphology to properties of the membrane-protein system. Here we use the
continuum theory to construct a coarse-grained representation that resolves
individual lipids and proteins, in order to study the detailed structure of the
protein coat. This approach allows us to investigate some puzzling features
of such structures, such as why the network of tubules often forms a hexago-
nal lattice, and under what conditions such structures remain stable without
a protein coat.
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Segregation of Negatively Charged Phospholipids by the Polycationic and
Farnesylated Membrane Anchor of Kras
Alemayehu A. Gorfe.
It has long been known that the Kras protein, a member of the Ras family of
bio-switches frequently mutated in cancer and developmental disorders, be-
comes functional when anchored to the inner surface of the plasma membrane
through its farnesylated and poylcationic C-terminus. However, little is
known about the structure of the complex and the specific protein-lipid inter-
actions responsible for the binding. Based on data from extensive molecular
dynamics simulations of multiple Kras anchors in bilayers of POPC/POPG
lipids (4:1 ratio), here we show that, as expected, Kras is tethered to the bi-
layer surface by specific lysine-POPG salt bridges and by nonspecific
farnesyl-phospholipid vdW interactions. Unexpectedly, however, only the
C-terminal five of the eight Kras Lys side chains directly interact with the bi-
layer, with the N-terminal ones staying in water. Furthermore, the positively
charged Kras anchors pull the negatively charged POPG lipids together, lead-
ing to the clustering of the POPG lipids around the proteins. This selective
Kras-POPG interaction is directly related to the specific geometry of the
backbone, which exists in two major conformational states: a stable ‘‘na-
tive-like’’ ensemble of structures characterized by an extended geometry
with a pseudo-helical turn and less stable ‘‘nonnative’’ ensembles of con-
formers characterized by severely bent geometries. Finally, although the
interface-bound anchor has little effect on the overall structure of the bilayer,
it induces local thinning within a persistence length of ~12 A˚. The current
results thus go beyond documenting how Kras attaches to a mixed bilayer
of charged and neutral lipids; they illustrate a fascinating process of
protein-induced lipid sorting coupled with the (re)shaping of a surface-
bound protein by the host lipids.
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Spontaneous Binding of Membrane-Anchoring Proteins Captured with
a Highly Mobile Membrane-Mimetic Model
Y Zenmei Ohkubo, Taras V. Pogorelov, Mark J. Arcario, Emad Tajkhorshid.
Characterizing atomic details of the process of membrane binding of periph-
eral membrane proteins by molecular dynamics (MD) has been seriously
hampered by the inefficiency of the method in describing membrane reorgani-
zation associated with the phenomenon. Consequently, the resulting structures
are largely biased by the initial configuration of the lipids and proteins. We
have developed a novel, highly mobile membrane-mimetic model that enables
efficient sampling of the membrane binding/insertion process of membrane-
binding biomolecules such as coagulation factors and antimicrobial peptides.
The mimetic model includes a layer of organic solvent sandwiched by bulk
water layers and short-tailed lipids (st-lipids) at the interface with their acyl
tails immersed in the organic phase. We have shown that the st-lipids with
either anionic (PS) or zwitterionic (PC) head-groups spontaneously form leaf-
lets at the organic-water interfaces within a few nanoseconds, exhibiting the
membrane profiles that are essentially identical to those of all-atom mem-
branes. The dynamics of the st-lipids is significantly higher than that of all-
atom lipids; the lateral diffusion constants are nearly two orders of magnitude
larger.
As a result, membrane-binding domains, such as GLA domain, initially placed
in either layer in any orientation spontaneously insert into the membrane within
